Abstract. The two-spotted spider mite, Tetranychus urticae Koch (Acari: Tetranychidae), often causes serious damage to watermelon (Citrullus spp.), and there is a need to evaluate and identify watermelon germplasm resistant to T. urticae. Watermelon cultivars (Citrullus lanatus var. lanatus), and U.S. plant introduction (PI) accessions of C. lanatus var. citroides and C. colocynthis, were evaluated for preference by T. urticae (number of adults and eggs on leaves). In open-choice experiments in the greenhouse and in laboratory rearing cages, there was a signifi cant preference by T. urticae for watermelon cultivars, Citrullus lanatus var. lanatus PIs, and C. lanatus var. citroides PIs over C. colocynthis PIs. All watermelon cultivars and PIs were infested, but the C. colocynthis PIs were signifi cantly less infested with T. urticae. The C. colocynthis PIs may be useful sources for enhancing T. urticae resistance in cultivated watermelon.
Watermelon (Citrullus lanatus var. lanatus) is a major vegetable crop in the U.S., with total annual production of 2.2 × 10 6 t, and a farm value of $340 million (USDA Agricultural Statistics Service, 2004) . The largest production areas are in Texas, Florida, California, Georgia, Indiana, and Arizona (National Watermelon Promotion Board, 2004) . Watermelon accounts for about 2% of world acreage devoted to vegetable production (Food and Agricultural Organization, 1995) . Experiments with isozyme (Navot and Zamir, 1987) and DNA markers (Levi et al., 2001a (Levi et al., , 2001b indicated that cultivated watermelon has a narrow genetic base. As a result, watermelon cultivars are susceptible to numerous diseases and pests. The U.S. plant introduction (PI) collection (www.ars-grin. gov) includes Citrullus species and subspecies collected in different parts of the world and with a wide genetic diversity (Levi et al., 2001a (Levi et al., , 2001b . Some of these PIs may contain resistance to watermelon pests as reported for whitefl ies (Simmons and Levi, 2002) and nematodes (Thies and Levi, 2004) .
Citrullus Schrad. ex Eckl. & Zeyh. is a major genus of Cucurbitaceae. It comprises four known diploid species: 1) C. lanatus (Thunb.) Matsum & Nakai, found in tropical and subtropical climates worldwide and includes the cultivated watermelon (C. lanatus var. lanatus) and the preserved melon (C. lanatus var. citroides) (Whitaker and Davis, 1962; Whitaker and Bemis, 1976) ; 2) the perennial bitter gourd, C. colocynthis (L.) Schard, that grows in sandy areas throughout North Africa, Southwestern Asia, and the Mediterranean (Burkill, 1985; Jarret et al., 1997; Navot and Zamir, 1987; Zamir et al., 1984; ) ; 3) the perennial species C. ecirrhosus Cogn. (Meeuse, 1962) ; and 4) the annual species C. rehmii De Winter (De Winter, 1990 ). Both C. ecirrhosus and C. rehmii are endemic to the desert regions of Namibia (Meeuse, 1962) .
The two-spotted spider mite (TSSM), Tetranychus urticae Koch (Acari: Tetranychidae), attacks a wide range of horticultural crops (Huffaker et al., 1969 McMurtry et al., 1970; van de Vrie et al., 1972) including watermelon in the greenhouse as well as in the fi eld (Capinera, 2001; Jeppson et al., 1975) . TSSM can infl ict severe damage to watermelon plants, particularly during fruit setting and development by causing plant senescence and death in severe cases, before full fruit maturation, and yield losses with milder infestations.
Acaricides are the primary control tactic for TSSM. However, TSSM resistance to a wide range of insecticides is documented throughout the world (Hassan and Oomen, 1985) . Many of the acaricides that target TSSM also kill benefi cial parasitoids and predators (Lazarre and Gerling, 1993; Simmons and Jackson, 2000) . As a result, TSSM infestations in watermelon fi elds often become uncontrollable (Capinera, 2001; Watson, 1964) . Therefore, there is a need to develop watermelon varieties with improved TSSM resistance. This resistance, combined with the use of indigenous and natural enemies could form the basis of a sustainable integrated pest management (IPM) program for watermelon. Hence, there is a need to thoroughly evaluate the Citrullus germplasm and identify potential sources of TSSM resistance that can be exploited for the improvement of commercial watermelon.
The Citrullus collection at the USDA-ARS, Plant Genetic Resources and Conservation Unit, Griffi n, Ga., includes >1,600 U.S. PIs. (Simmons and Levi 2002) . Moreover, in our preliminary observations in the greenhouse, we noticed that C. colocynthis plants were not preferred by TSSM compared with other Citrullus PIs and watermelon cultivars. We know of no published studies of the resistance of Citrullus species to TSSM.
The objective of this study was to evaluate selected U.S. PIs of C. lanatus var. lanatus, C. lanatus var. citroides, and C. colocynthis, and identify PIs that might be potential sources of resistance for TSSM in watermelon.
Materials and Methods
Plant material. Five watermelon cultivars, three C. lanatus var. lanatus PIs, eight C. lanatus var. citroides PIs, and twenty-two C. colocynthis PIs (Table 1) were evaluated for resistance to TSSM in a greenhouse and a rearing room, at the USDA-ARS, U.S. Vegetable Laboratory, Charleston, S.C. Seeds of all PIs were obtained from the USDA-ARS, Plant Genetic Resources Conservation Unit (Griffi n). Six plants of each watermelon cultivar and U.S. PI were grown in 1-gal pots containing Jiffy Mix. Plants were grown in a greenhouse with day and night temperatures of 28 and 21 °C, respectively, and with a light intensity of 450 lux at leaf sample height (as measured with a LI-185B photometer; LI-COR, Lincoln, Nebr.), and light/dark periods of about 16/8 h.
Source of spider mites. were conducted using 3-week-old Citrullus plants grown in the greenhouse. A free-choice greenhouse bioassay was conducted to evaluate preference of TSSMs to plants of PIs and cultivars. Six plants of each cultivar or PI (Table  1) were tested in a greenhouse infested with TSSMs. Two plants of each PI or cultivar were randomized on one of each of the three benches in the greenhouse (1.3 × 5 m each, and 1 m apart). One tray containing 24 TSSM-infested bean plants was placed on each bench in the greenhouse a day before placing the plants of Citrullus PI and watermelon cultivars on the bench. The plants were exposed to TSSMs for 5 week. A fully expanded true leaf from the fourth node from the apex of the vine was collected on the fi rst and fourth week after placing the plants in the greenhouse. TSSM adults, nymphs, and eggs on each leaf were counted using a dissecting microscope.
Limited free-choice bioassay with single leaves in a closed container. A limited freechoice bioassay was conducted to assess preference of TSSM in a closed environment where C. colocynthis leaves were in close proximity with a leaf of a watermelon cultivar. The experiment was set in transparent cylindrical plastic jars (12 cm diameter × 25 cm deep with a tight plastic lid). The jars were placed in a rearing room with light/dark periods of 14/10 h, light intensity of 300 lux at leaf height, and a temperature of 26 °C. A leaf from the fourth node from the apex was detached from the vine of a 3-week-old plant of each of the four C. colocynthis PIs and from the watermelon cultivar Crimson Sweet (Table 2) . Leaves were examined with a dissecting microscope to determine the presence of TSSM adults, nymphs and eggs. Following the examination, the leaf was placed in a 15-mL fl oral wick (Syndicate Sales, Kokomo, Ind.) containing de-ionized water. Three fl oral wicks (two wicks, each containing a leaf of a different PI, and one wick containing a leaf of 'Crimson Sweet') were placed in a triangle formation (8 cm apart) on a Styrofoam plate in the center of the jar. Using a small camel hair brush, three TSSM adults, one male and two females were carefully transferred to the bottom of each jar. After 4 d, leaves were carefully removed from the wicks and the number of TSSM adults and eggs were counted on each leaf. Five to seven assays (PI leaf versus 'Crimson Sweet' leaf in a closed container) were completed for each of the four C. colocynthis PIs (Table 2) .
Free-choice bioassay with plants in a closed cage. A bioassay was conducted to test the infestation of TSSM on C. colocynthis compared with 'Crimson Sweet'. Five young plants (2-to 3-week-old in a 1-gal pot) of each of six C. colocynthis PIs and Crimson Sweet (Table 3) were used. Using a small camel hair paint brush, TSSM (three females and two males) were carefully collected from the bean plants and transferred to the surface of one leaf of each of the plants. Seven TSSM-infested plants (one from each of six PIs and one of 'Crimson Sweet') were placed in each of six plexiglass cages (63.5 × 63.5 × 63.5 cm). All cages were kept in a rearing room and were individually ventilated. Light intensity over the cages was 350 lux, and light/dark periods of 14/10 h. Temperature and relative humidity in the cage were 26 °C and 80%, respectively. Numbers of TSSM adults, nymphs, and eggs were counted for the fourth leaf from the apex of each plant at the end of the fi rst week and observations continued for 4 weeks.
All data were analyzed with SAS (SAS Institute, 1994). Means were separated using the Duncan's multiple range test at P < 0.05.
Results and Discussion
Among the three major Citrullus groups evaluated, PIs of C. colocynthis were the least preferred by TSSM for feeding, oviposition, and survival from egg to the adult stage. TSSM adults and eggs were observed on all plants of C. lanatus var. lanatus and C. lanatus var. citroides PIs, but lowest population density of TSSM were observed on the C. colocynthis PIs (Table 1) . In all assays, TSSMs strongly preferred feeding and laying eggs on plants of Citrullus lanatus var. lanatus and Citrullus lanatus var. citroides compared to C. colocynthis (Tables 1, 2 , and 3). Although limited free-choice bioassays were conducted, these were useful in demonstrating the strong preference of TSSM to C. lanatus var. lanatus over C. colocynthis. These bioassays showed that although most plants or leaves in each test were of C. colocynthis PIs, the TSSMs preferred the single plant or leaf of C. lanatus var. lanatus (Crimson Sweet) (Tables 2 and  3) . Similarly, in a recent study examining preference of whitefl ies to Citrullus PIs and watermelon cultivars, the C. colocynthis PIs were the least preferred by whitefl ies for feeding and oviposition (Simmons and Levi, 2002) . There was some variation among C. lanatus var. lanatus and C. lanatus var. citroides PIs and cultivar with respect to TSSM adult and egg density on leaves (Table 1) . However, TSSMs still caused severe damage to all plants of these two Citrullus subspecies, in contrast with the C. colocynthis plants. The Cultivars Charleston Gray and Crimson Sweet had an intermediate TSSM infestation (Table 1) . In an additional observation, these cultivars appeared to be susceptible to TSSM infestation in the greenhouse, in comparison with neighboring C. colocynthis plants.
PI 346082 has been designated as C. lanatus var. citroides in the GRIN database (www. ars-grin.gov). However, it has morphological and DNA fi ngerprints of C. colocynthis (Levi et al., 2001b) . Due to the limited number of seeds of this PI that could be germinated in our greenhouse, it could be used only in the limited free-choice bioassay with single leaves in a closed container. In this bioassay, the response of TSSMs to PI 346082 was similar to the other C. colocynthis PIs (Table 2) .
Citrullus colocynthis has the broadest geographical distribution among Citrullus species. It is found in East and North Africa, the Mediterranean region, and Central Asia. C. colocynthis also has wide genetic diversity (Levi et al., 2001a, 200b) . However, the C. colcocynthis PIs do not have the desirable horticultural qualities of cultivated watermelon. Fruits of C. colocynthis are relatively small, globular, and bitter and contain compounds toxic to humans (Elawad et al., 1984; Goldfain et al., 1989) and insects (El-Naggar et al., 1989) . Thus, it may be a challenge to incorporate insect resistance from C. colocynthis into cultivated watermelon without compromising fruit quality. Understanding the mechanism of insect resistance in C. colocynthis and identifying the genes conferring the resistance are essential before making any efforts to incorporate resistance into cultivated watermelon. Previous studies have shown an association of whitefl y infestation with trichome density. Whitefl ies may prefer low trichome density in some plant species (Butler and Henneberry, 1984) , or high trichome density in others (Snyder et al., 1998) . In a recent study examining resistance of Citrullus PIs to whitefl ies there was no morphological distinction among trichomes of C. lanatus var lanatus, C. lanatus var. citroides and C. colocynthis. However, C. colocynthis had the highest trichome density among these species (Simmons and Levi, 2002) . Additional experiments applying trichome exudates of the resistant C. colocynthis on leaves of susceptible watermelon cultivars might be useful to determine if trichomes play any role in TSSM resistance. Insect resistance in plants is a major tactic for controlling arthropod pests. However, to date, only a few breeding lines with insect resistance have been developed in cucurbits (Webb, 1998) . Among them are three aphidresistant muskmelon breeding lines developed by McCreight et al. (1984) , and a muskmelon cultivar containing resistance to melon aphid (Collins et al., 1994) . Our data supports the conclusion that among the tested plant germplasm, C. colocynthis was the least preferred by TSSM. Because of the smaller size of the mites, trichome density may be less of a factor than for whitefl ies. Although no attempt was made to identify the mode of resistance, we suspect that the chemical properties of the plant sap of C. colocynthis may also play an important role in the observed resistance. Clearly a no-choice study should follow this one to determine if TSSM can survive and produce on the non-preferred C. colocynthis PIs. Still, the C. colocynthis PIs may be a useful source of resistance to spider mites and insect pests, and for improving TSSM resistance in cultivated watermelon. Our observations in the greenhouse revealed that where TSSMs do not have the pressure of their natural predators, they readily infest plants of all watermelon (C. lanatus var. lanatus) PIs or cultivars, but not the C. colocynthis plants. An F2 population (PI 432337; C. colocynthis x PI 596669; C. lanatus var. citroides) has been constructed and will be used to determine the mode of inheritance of TSSM resistance.
